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(54) FLUORORUBBER COATING COMPOSITION 

(57) A coating composition of a fluororubber con- 
taining a fluorine-containing elastomeric copolymer 
which has repeating units of the formula: -CH2- in the 
backbone, a polyol curing agent, and a salt or a complex 
compound of a basic compound having a pKa of at least 
8 and an organic acid as a curing accelerator. This com- 
position is a one-pack type composition having a long 
pot life, and can provide a cured coating in a short time 
at a relatively low temperature. Furthermore, this com- 
position can be applied by dispenser type coating or 
screen printing, even when the concentration of the flu- 
orine-containing copolymer is high. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a coating composition of a fluororubber. In particular, the present invention 
relates to a curable composition of a fluororubber suitable for coating, which comprises a fluorine-containing copolymer, 
a polyol curing agent, and a specific curing accelerator. 

PRIOR ART 

10 

[0002] When f luororubbers are cured with polyols, curing accelerators (basic compounds) are added to curable com- 
positions. However, when curing accelerators are added to the curable compositions of f luororubbers, for example coat- 
ing compositions, the pot life of the compositions is shortened, since the compositions are gelled- Thus, two or more 
pack type compositions are prepared and practically used, but practically usable one-pack type compositions are not 
IS known. 

[0003] It may be contemplated to use a curing accelerator having a low reactivity to formulate a polyl-curable fluor- 
orubber coating composition in the form of a one-pack composition. However, such a composition requires a long time 
and heating at high temperatures to obtain a coated film by drying and calcining the coating compositions. 

20 SUMMARY OF THE INVENTION 

[0004] One object of the present invention is to formulate a polyol -curable fluororubber composition in the form of a 
one-pack type composition having a long pot life, and to provide a curable composition of a fluororubber which can pro- 
vide a cured coating film having a high strength in a short time at a relatively low temperature. 
25 [0005] Another object of the present invention is to provide a one-pack type curable composition of a fluorine-contain- 
ing copolymer, which can be applied by dispenser type coating or screen printing, even when the concentration of the 
fluorine-containing copolymer is high. 

[0006] To achieve these objects, the present invention provides a coating composition of a fluororubber comprising a 
fluorine-containing elastomeric copolymer which comprises repeating units of the formula: -CH2- in the backbone, a 
30 polyol curing agent, and a salt or a complex compound of a basic compound having a pKa of at least 8 and an organic 
acid as a curing accelerator. 

DETAILED DESCRIPTION OF THE INVENTION 

35 [0007] Now, each component contained in the composition of the present invention will be explained. 

[0008] (A) A fluorine-containing elastomeric copolymer contained in the composition of the present invention is a flu- 
orine-containing copolymer comprising repeating units of the formula: -CH2- in the backbone. Typical examples of such 
a copolymer include fluorine-containing copolymers comprising vinylidene fluoride. Specific examples of such copoly- 
mers are those copolymers comprising repeating units having the following structures: 

40 

at least one repeating unit selected from the group consisting of -CF2-CH2-. -CH2-CH2- and -CH2-CH(GH3)-, and 
at least one repeating unit selected from the group consisting of -CF2-CF(GF3)-. -CF2-CH2- and -CF2-(0Rf)CF- in 
which Rf is a f luoroalkyi group having 1 to 6 carbon atoms. 

45 [0009] Specific examples of such copolymers are a copolymer comprising vinylidene dtf luoride and hexaf luoropropyl- 
ene. a copolymer comprising vinylidene difluoride, tetrafluoroethylene and hexafluoropropylene. a copolymer of ethyl- 
ene and hexafluoropropylene. a copolymer of tetrafluoroethylene arxi propylene, and the like. 

[0010] Such fluorine-containing elastomeric copolymers are commercially distributed under the trade name of 
"DAIEL" (trademark) (available from Daikin Industries. Ltd.), "VITONE FLOME" (available from E. I. duPont), "AFLAS" 
50 (available from ASAHl GLASS Co., Ltd.), etc. 

(B) Polyol curing agents 

[0011] Polyol curing agents used in the present invention are compounds or polymers having at least two hydroxyl 
55 groups, in particular, phenolic hydroxyl groups in a molecule, and having a curing capability. Specific examples of polyol 
curing agents are phenol compounds such as 
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and phenolic resins represented by the formula: 



40 



OH 

ROCH2 ^/ 



45 




wherein Z is -CH2- or -CH2OCH2-, Y is a hydrogen atom, a halogen atom, -R. -CHgOR or -OR in which R is an alkyi 
group having 1 to 4 carbon atoms, and n is an integer of 0 to 100. 
so [0012] Among them, hydroquinone. bisphenol A, bisphenol AF, and resorcinol phenolic resins are preferable. 

(C) Curing accelerators 



[0013] Examples of basic compounds which constitute curing accelerators which are used in the present invention 
55 include the following compounds: 
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Quaternary ammonium salts 

[0014] A quaternary ammonium salt of the formula: 

5 NR4X or RsN-R'-NRa •2X 

wherein X is an acid radical or a hydroxyl group; R groups are the same or different and represent an alkyi group having 
1 to 20 carbon atoms, a halogenated alkyl group having 1 to 20 carbon atoms or an aryl group having 7 to 20 carbon 
atoms, provided that two or more R groups may together form a carbocycllc group or a heterocyclic group; R* is an 

10 alkylene group having 2 to 21 carbon atom or a phenylenedialkylene group having 8 to 12 carbon atoms. 

[0015] Examples of acid radicals include halides, sulfate, sulfite, bisulfite, thiosulfate, sulfide, polysutflde, hydrogen 
sulfide, thiocyanate, carbonate, bicarbonate, nitrate, carboxylate, borate, phosphate, biphosphate, phosphite, perchlo- 
rate, bifluoride. arsenate, ferricyanide, ferrocyanide, molybdate, selenate. selenite, uranate. tungstate, etc. 
[0016] Specific examples of quaternary ammonium salts include alky! and aralkyi quaternary ammonium salts (e.g. 

15 trimethylbenzylammonium chloride, triethylbenzylammonium chloride, dimethyldecylbenzylammonium chloride, tri- 
ethylbenzylammonium chloride, myristylbenzyldimethylammonium chloride, dodecyltrimethylammonium chloride, 
dimethyltetradecylbenzylammonium chloride, trimethyltetradecylammonium chloride, coconuttrimethylammonium chlo- 
ride, stearyltrimethylammonium chloride, distearyidimethylammonium chloride, tetrabutytammonium hydroxide. 1.4- 
phenylenedimethylene-bistrimethylammonium dichloride, ethylenebistriethylammonium dibromide. etc.). and quater- 

20 nary 1,8-dia2a-bicyclo[5.4.0]-7-undecenium salts {e.g. 8-methyl-1,8-diaza-bicylo[5.4.0]-7-undecenium chloride. 8- 
methyl-1,8-diaza-bicylo[5.4.0]-7-undecenium iodide, 8-methyl-1,8-diaza-bicylo[5.4.0]-7-undecenium hydroxide. 8- 
methyl-1 ,8-diaza-bicylo[5.4.0]-7-undecenium methylsulfate, 8-methyl-1 .8-diaza-bicylo[5.4.0]-7-undecenium bromide, 
8-propyl-1,8-diaza-bicylo[5.4.0]-7-undecenium bromide, 8-dodecyl-1.8-diaza-bicylo[5.4.0]-7-undecenium chloride. 8- 
dodecyl-1,8-diaza-bicylo[5.4.0]-7-undecenium hydroxide, 8-eicosyl-1.8-diaza-bicylo[5.4,0]-7-undecenium chloride, 8- 

25 tetracosyl-1,8-diaza-bicylo[5.4.0]-7-undecenium chloride, 8-benzyl-1,8-diaza-bicyIo[5.4.0]-7-undecenium chloride, 8- 
ben2yt-1.8-diaza-bicylo[5.4.0]-7-undecenium hydroxide, 8-phenethyl-1,8-diaza-bicylo[5.4.0]-7-undecenium chloride. 8- 
(3-phenyIpropyl)-1 ,8-diaza-bicylo[5.4.0]-7-undecenium chloride, etc.). 

Tertiary amines 

30 

[0017] In general, a tertiary amine is represented by the formula: 

NR3 or RgN-R'-NRs 

35 wherein R groups are the same or different and represent an alkyl group having 1 to 20 carbon atoms, an alkenyl group 
having 1 to 20 carbon atoms or an aryl group having 7 to 20 carbon atoms, provided that two or more R groups may 
together form a carbocyclid group or a heterocyclic group; R' is an alkylene group having 2 to 21 carbon atom or a phe- 
nylenedialkylene group having 8 to 12 carbon atoms. 

[0018] Specific examples of tertiary amines include trimethylamine. triethylamine. tri-n-propylamine, tri-n-butylamine, 
40 triisobutylamine. methyldiethylamine, dimethylethylamine, dimetyl-n-propylamine, dimethyl-n-butylamine, dimethyl- 

isobutylamine. dimethylisopropylamine. dimethyl-sec.-butylamine, dimethyi-tert-butylamine. triallylamine, diallylmethyl- 

amine, allyfdimethylamine. benzyldimethylamine. benzyldiethylamine, N-allylpiperidine. N-ethylpiperidine. N- 

butylpiperidine. N-methyipyn-olidine. N-cyclohexylpyrrolidine. N-n-butylpyrrolidine, N-methylpyrrolidine. N-benzylpyrroli- 

dine, 2.4,6-trimethyIpyridine, etc. 
45 [0019] Primary ard secondary amines are less preferable, since they induce reactions other than the polyol curing. 

In addition, amines having pKa of less than 8 are less preferable, since they have a low curing rate, and provide films 

having low strength. 

[0020] Organic acids having 1 to 9 carbon atoms, preferably 1 to 4 carbon atoms are used as organic acids constitut- 
ing the curing accelerators of the present invention. 
50 [0021 ] Organic acids having 1 0 or more carbon atoms are less preferable, since they remain in coated films. 

[0022] Preferable examples of organic acids are monocarboxylic acids such as fumaric acid, acetic acid, propionic 
acid, etc.; and dicarboxylic acids such as oxalic acid, malonic acid, succinic acid. etc. 

[0023] Organic acids are used to suppress the polyol curing of fluorine-containing copolymers in the compositions. 
The curing of fluorine-containing copolymers is suppressed by organic acids in the compositions, but the organic acids 
55 evaporate or decompose when the compositions are applied onto a substrate, dried and calcined. Thus, the above 
basic compounds accelerate the curing reaction. 

[0024] The composition of the present invention comprises 0.1 to 10 wt. parts, preferably 1 to 5 wt. parts of a polyol 
curing agent, and 0.01 to 10 wt. parts, preferably 0.05 to 5 wt. parts of a curing accelerator, per 100 wt. parts of a fluo- 
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rine-containing copolymer. 

[0025] When the amount of a curing accelerator is less than the above lower limit, the curing of the copolymer hardly 
proceeds- When the amount of a curing accelerator exceeds the above upper limit, it may be difficult to control a curing 
reaction. 

5 [0026] The composition of the preserrt invention may contain various additives which are added to conventional f luor- 
orubber compositions, for example, fillers, colorants, acid-scavengers, and the like, in addition to the above polyol cur- 
ing agents and curing accelerators. 

[0027] Examples of fillers are carbon black, white carbon, calcium carbonate, barium sulfate, etc.. and examples of 
colorants are inorganic pigments, compound oxide pigments, etc. 
10 [0028] Examples of acid-scavengers are magnesium oxide, lead oxide, zinc oxide, lead carbonate, zinc cartx)nate, 
double salts such as hydrotalcite, etc. Compounds having a high activity (reactivity) such as calcium hydroxide are less 
preferred, since they tend to cause gelatinization. 

[0029] Preferably, acid-scavengers have a smaller pKa than that of the above basic compounds. When the pKa of 
acid-scavengers is high, the compositions of the present invention tend to be gelled. 
15 [0030] In general, an acid-scavenger is compounded in an amount of from 1 to 40 wt, parts per 100 wt. parts of a 
fluorine-containing copolymer, depending on its activity. 

(0031 ] Furthermore, non-tackiness can be imparted to the compositions of the present invention by the compounding 
of f luororesins (e.g. polyvinylidene fluoride (PVdF). ethylene-tetrafluoroethylene copolymers (ETFE), polychlorotrifluor- 
oethylene (CTFE). ethylene-perfluoroalkyi vinyl ether copolymers (EPA), tetrafluoroethylene-hexafluoropropylene 

20 copolymers (PEP), perfluoroalkyi vinyl ether polymers (PFA), polytetrafluoroethylene (PTFE), etc.). 

[0032] The compositions of fluorine-containing elastomeric copolymers according to the present invention can be 
used as surface-modifiers of metals or rubbers: metal gaskets and other sealing or coating materials which are required 
to have heat resistance, solvent resistance, chemical resistance, and non-tackiness; and coating materials to coat rolls 
and belts for office automation equipment; and the like. Fabrics, which are impregnated with the compositions of the 

25 present invention and baked, can be used as the materials of sheets and belts. 

[0033] The compositions of the present invention may be applied as sealants of sealing members which have been 
difficult to shape, precoated metals formed by treating metal plates with primers, packing rubbers. 0-rings. diaphragms, 
chemical-resistant tubes, caps of vials, fuel hoses, and the like. 

[0034] The compositions of the present invention may be prepared by the same methods as those used to prepare 
30 conventional curable compositions of fluorine-containing copolymers. 

[0035] A basic compound and an organic acid,-which constitute curing accelerators, are preferably dissolved in alchol 
together with a polyol curing agent. 

[0036] Afluororubber is kneaded with optional fillers, colorants and acid-scavengers, and optionally with a polyol cur- 
ing agent, and then dissolved in a solvent such as ketones, esters or ethers. 
35 [0037] If necessary, a small amount of coating additives such as silicone oils, or a small amount of poor solvents such 
as toluene, xylene, etc. is added to the compositions of the present invention. 

[0038] Then, the alcoholic solution containing a basic compound, an organic acid and optionally a polyol curing agent 
is mixed in the above solution of a f luororubber to obtain a coating composition. 

[0039] In this case, the concentration of a fluororubber is preferably from 10 to 60 wt. % of the whole composition. 

40 [0040] The compositions of the present invention can be applied to substrates and cured by the same methods as 
those used to apply and cure conventional curable compositions of fluorine-containing copolymers. 
[0041 ] For example, the compositions are applied to substrates to be coated by brush coating, spray coating, dip coat- 
ing, flow coating, dispenser coating, screen coating, etc. according to the properties of tiie compositions, and solvents 
are evaporated off. Then, the coated compositions are baked at a temperature of from 150 to 250*C for 20 to 90 min- 

45 utes. 

[0042] It is preferable to form a primer layer on the surface of a substrate with silane primers, silicone primers, etc. to 
increase the adhesion between the substrate and the composition. 

[0043] The curable compositions of fluorine-containing elastomeric copolymers according to the present invention 
have good storage stability and can contain the fluorine-containing copolymers at a high concentration, although they 
50 are in the form of a one-pack type composition. 

EXAMPLES 

[0044] The present invention will be illustrated by the following examples. 

55 
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Examples 1-5 and Comparative Examples 1 and 2 
Example 1 

5 Preparation of a coating composition: 

[0045] A fluororubber (DAIEL G-801 available from Daikin Industries. Ltd.) (100 wt. parts) was kneaded with open 
rolls together with MT carbon black (20 wt. parts) and an acid-scavenger (HYDROTALCITE DHT-4A available from 
Kyowa Chemical Industries, Ltd.; pH = 9) (5 wt. parts) to obtain a compound. The compound was dissolved in a mixed 
10 solvent of butyl acetate (400 wt. parts) and methyl isobutyl ketone (400 parts). 

[0046] Separately, bisphenol AF (2 wt. parts) as a polyol curing agent and DBU-b (8-benzyl-1 ,8-dlaza-blcyclo[5.4.0]- 
7-undecenium chloride having pKa of 11.5) (0.5 wt. parts) as a k>asic compound were dissolved in ethanol (17.5 wt. 
parts). Then, acetic acid (2 wt. parts) and xylene (4 wt. parts) were added to the solution. The obtained solution was 
mixed with the above solution of the compound with a disper to obtain a coating composition. 

15 

Stability test: 

[0047] A quantity of the coating composition was charged in a polyethylene bottle and kept standing at 25'C. After 2 
days, 7 days. 2 weeks, one month and three months, the properties of the composition were observed. 

20 

Properties of a coating film 

[0048] The coating composition was poured in a metal vat and dried at room temperature for 5 days, and then at a 
temperature of 80 to lOO^C for 2 days, followed by baking at 200°C for 30 minutes. The obtained film was peeled off 
25 from the vat. and stamped in the form of a JIS No. 4 dumbbell. This sample was subjected to a tensile test at a pulling 
rate of 500 mm/min. 

Comparative Example 1 

30 [0049] The same procedures as those of Example 1 were repeated, except that no acetic acid was used in the prep- 
aration step of the coating composition. 

Example 2 

35 [0050] The same procedures as those of Example 1 were repeated, except that MgO (MA-1 50 available from Kyowa 
Chemical Industries. Ltd.) (3 wt. parts) was used in place of DHT-4A (5 wt. parts) in the preparation step of the coating 
composition. 

Example 3 

40 

[0051] The same procedures as those of Example 1 were repeated, except that HITANOL 4020 (available from Hitachi 
Chemical Co.. Ltd.; a main component: resol phenolic resin; solid content: 50%) (10 wt. parts) was used in place of 
bisphenol AF in the preparation step of the coating composition. 

45 Example 4 

[0052] The same procedures as those of Example 1 were repeated, except that DAIEL G-501 NK (available from 
Daikin industries. Ltd.) was used in place of DAIEL G-801 in the preparation step of the coating composition. 

50 Comparative Example 2 

[0053] The same procedures as those of Example 1 were repeated, except that MgO having a pKa of 1 1 {MA-150) 
(3 wt. parts) and Ca(OH)2 having a pKa of 13 (6 wt. parts) were used in place of DHT-4A (5 wt. parts) in the preparation 
step of the coating composition. 

55 

Conparative Example 3 

[0054] The same procedures as those of Example 1 were repeated, except that pyridine having pKa of 5.3 was used 
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in place of DBU-b in the preparation step of the coating composition. 

[0055] The stability of the coating compositions and the strength of the films are summarized in Table 1 . 
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Claims 

1 . A coating composition of a f luororubber comprising a fluorine-containing elastomeric copolymer which comprises 
repeating units of the formula: -CH2- in the backbone, a polyol curing agent, and a salt or a complex compound of 
a basic compound having a pKa of at least 8 and an organic acid as a curing accelerator. 

2. A coating composition according to claim 1 . wherein said curing accelerator is a salt or a complex of a tertiary basic 
compound having a pKa of at least 8. and an organic acid. 

3. A coating composition according to claim 1 , wherein said curing accelerator is a salt or a complex of a basic com- 
pound having a pKa of at least 8. and an organic acid having 1 to 9 carbon atoms. 

4. A coating composition according to claim 1 , wherein said curing accelerator is a salt or a complex of a tertiary basic 
compound having a pKa of at least 8. and an organic acid having 1 to 9 carbon atoms. 

5. A coating composition according to claim 1. wherein said curing accelerator is a salt or a complex of a tertiary 
amine having a pKa of at least 8, and an organic acid having 1 to 9 carbon atoms. 

6. A coating composition according to any one of claims 1 to 5. which further comprises an acid-scavenger having a 
pKa smaller than that of said basic compound. 
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Claim (Family: none) 
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ALLEMAGNE 



EINQEQANQEN 
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HOFFMANN • EITLE, MUNCHEN 
PATENTANWALTE RECHTSANWALT1 




Application No. 

99 906 457.9-2102 



Ref. 

84 216 a/scho 



Date 

01 .0 



Applicant 

Daikin Industries. Ltd. 



To 



Communication pursuant to Article 96(2) EPC 



The examination of the above-identified application has revealed that it does not meet the requirements of the 
European Patent Convention for the reasons enclosed herewith. If the deficiencies indicated are not rectified 
the application may be refused pursuant to Article 97(1) EPC. 

You are invited to file your observations and insofar as the deficiencies are such as to be rectifiable, to correct 
the indicated deficiencies within a period 



of 2 months 



from the notification of this communication, this period being computed in accordance with Rules 78(2) and 
83(2) and (4) EPC. 

One set of amendments to the description, claims and drawings is to be filed within the said period on separate 
sheets (Rule 36(1) EPC). 

Failure to comply with this invitation in due time will result in the application being deemed to be 
withdrawn (Article 96(3) EPC). 




DURY OOP 

Primary Examiner 

for the Examining Division 



Enciosure{s): 2 page/s reasons (Form 2906) 



Registered Letter 
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Datum _ ^ 
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Date 



Communication/Minutes (Ann 



Blatt 

Sheet 
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Notification/Proces-verbal (Annexe) 



An meld e- Nr.: 

Application No.: 99 906 457.9 
Demande n**: 



The examination is being carried out on the following application documents: 

Text for the Contracting States: 
DE FR IT GB 



Description, pages: 

3-6,8-22 as received on 

1 .2,7 as received on 



26.09.2000 with letter of 
21.02.2003 with letter of 



26.09.2000 
21.02.2003 



Claims, No.: 
1-12 



as received on 



21.02.2003 with letter of 



21.02.2003 



1. Art. 123(2) EPC 

The amendments filed appear to fulfill the requirements of Art. 123(2) EPC. 

2. Inventive step: Art. 56 EPC 

None of the examples on file has been performed using a curing accelerator according to 
amended claim 1 (U CAT SA1 02 appears to be a quatemary ammonium salt which d oes 
not fit with the formulae on file) and may be used to support an inventive merit. Besides, 
the argumentation of the Applicant, that the claimed accelerators leads to a shorter pot life 
than the quaternary ammonium salt according to the prior art (improved technical effect 
which would support the inventive step) is not supported by the evidence and can , thus, 
not be take n into account for the assessment of the in ventive. This result is indeed 
surprising since, according to the original application, the tertiary amines now claimed and 
quaternary ammonium salts as used in the prior art were disclosed as equivalent 
alternatives (see pages 5-7 of the application). This argument should, therefore, be 
supported by the facts. 

Hence, the objective problem of the application has to be seen as the provision of further, 

alternative aqueous fluoroelastomer curable coating compositions. 

Starting from any of D1-D2 as closest prior art it is obvious to solve this problem by using 

any known curing accelerators, included those according to amended claim 1 which are 

known in the art e.g. from EP-A_0^21jl55_ (family document of the PCT application cited 

on page 1 . last line of the original application). f - rfrr^t'jf o^^^J 
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Application No.: 
Demande n': 



99 906 457.9 



3. Clarity: Art. 84 EPC 

The description (see e.g. pages 5-7) should be adapted to the valid set of claims. In 
particular the comparative examples should be clearly distinguished from the examples 
illustrative of the invention. 

4. Should the above objections not be removed oral proceedings will be organised. 

5. Providing an amended set of claims, the applicant is requested to clearly point out 
where In the application as filed the basis for the amendment(s) can be found in order 
to verify that the requirements of Article 123(2) EPC have been fulfilled. 
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